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ІЇÓÄÊ 621.327:681.5

À.À. Êðàñíîðóöêèé 

ÏÎÑÒÐÎÅÍÈÅ ÏÐÀÂÈËÀ ÔÎÐÌÈÐÎÂÀÍÈß
ÏÎÇÈÖÈÎÍÍÛÕ ÑÒÐÓÊÒÓÐÍÎ-ÂÅÑÎÂÛÕ
×ÈÑÅË Â ÓÑËÎÂÈßÕ ÊÎÄÎÎÁÐÀÇÎÂÀÍÈß

ÏÎ ÇÀÄÀÍÍÎÉ ÄËÈÍÅ

Â ñòàòüå îáîñíîâàíî, ÷òî äëÿ ñîêðàùåíèÿ êîëè÷åñòâà êîäîâîé èçáûòî÷íîñòè
íåîáõîäèìî ôîðìèðîâàòü ïîçèöèîííûå ñòðóêòóðíî-âåñîâûå ÷èñëà ïåðåìåííîé
äëèíû. Èçëàãàåòñÿ ïîñòðîåíèå ïðàâèëà ôîðìèðîâàíèÿ ïîçèöèîííûõ ñòðóêòóðíî-
âåñîâûõ ÷èñåë ïåðåìåííîé äëèíû, ÷òî îáåñïå÷èâàåò ïîòåíöèàë äëÿ ðåàëèçàöèè
ïðèíöèïà êîäîîáðàçîâàíèÿ ïî ìàêñèìàëüíîìó çàïîëíåíèþ êîäîâîãî ñëîâà çàäàííîé
äëèíû â óñëîâèÿõ èñêëþ÷åíèÿ âàðèàíòîâ åãî ïåðåïîëíåíèÿ è ìèíèìèçàöèè êî-
ëè÷åñòâà êîäîâîé èçáûòî÷íîñòè.

Êëþ÷åâûå ñëîâà: ïîçèöèîííîå ñòðóêòóðíî-âåñîâîå ÷èñëî, ïðèíöèï êîäîîá-
ðàçîâàíèÿ, ìèíèìèçàöèÿ êîëè÷åñòâà êîäîâîé èçáûòî÷íîñòè.

Ó ñòàòò³ îá´ðóíòîâàíî, ùî äëÿ ñêîðî÷åííÿ ê³ëüêîñò³ êîäîâî¿ íàäì³ðíîñò³
íåîáõ³äíî ôîðìóâàòè ïîçèö³éí³ ñòðóêòóðíî-âàãîâ³ ÷èñëà çì³ííî¿ äîâæèíè. Äàºòüñÿ
ïîáóäîâà ïðàâèëà ôîðìóâàííÿ ïîçèö³éíèõ ñòðóêòóðíî-âàãîâèõ ÷èñåë çì³ííî¿
äîâæèíè, ùî çàáåçïå÷óº ïîòåíö³àë äëÿ ðåàë³çàö³¿ ïðèíöèïó êîäîïîáóäîâè ïî
ìàêñèìàëüíîìó çàïîâíåííþ êîäîâîãî ñëîâà çàäàíî¿ äîâæèíè â óìîâàõ âèêëþ÷åííÿ
âàð³àíò³â éîãî ïåðåïîâíþâàííÿ ³ ì³í³ì³çàö³¿ ê³ëüêîñò³ êîäîâî¿ íàäì³ðíîñò³.

Êëþ÷îâ³ ñëîâà: ïîçèö³éíå ñòðóêòóðíî-âàãîâå ÷èñëî, ïðèíöèï êîäîïîáóäîâè,
ì³í³ì³çàö³ÿ ê³ëüêîñò³ êîäîâî¿ íàäì³ðíîñò³.

It is proved that for the reduction of an amount of code surplus it is necessary to
form the position structural gravimetric numbers of variable length. The construction of
a rule of forming of position structural gravimetric numbers of variable length length
providing the potential for the realization of a principle of forming of ñode on the
maximal filling of code word of the set length in the conditions of exception of variants
of his repletion and minimization of amount of code surplus is stated.

Keywords: position structural gravimetric number, a principle of forming of ñode,
amount of code surplus.

Ðàçâèòèå èíôîêîììóíèêàöèîííûõ òåõíîëîãèé ñ îäíîé ñòîðîíû è âîçðîñøèå
ïîòðåáíîñòè â ïîëó÷åíèè âèäåîèíôîðìàöèîííûõ óñëóã ñ äðóãîé ñòîðîíû äèêòóþò
íåîáõîäèìîñòü äàëüíåéøåãî ñîâåðøåíñòâîâàíèÿ òåõíîëîãèé êîìïðåññèè
îöèôðîâàííûõ èçîáðàæåíèé [1; 2]. Â ñâÿçè ñ ýòèì ñîâåðøåíñòâîâàíèå ìåòîäîâ
ñæàòèÿ âèäåîäàííûõ ñîñòàâëÿåò àêòóàëüíîñòü íàó÷íî-ïðèêëàäíûõ èññëåäîâàíèé.

Íàèáîëåå øèðîêîå èñïîëüçîâàíèå â ñîâðåìåííîé ìóëüòèìåäèéíîé
èíäóñòðèè ïîëó÷èëè òåõíîëîãèè êîìïðåññèè íà JPEG-ïëàòôîðìå. Ïîýòîìó
ïîñòðîåíèå ìîäåðíèçèðîâàííûõ ìåòîäîâ ïåðñïåêòèâíî îñóùåñòâëÿòü ñ
èñïîëüçîâàíèåì áàçîâûõ ñîñòàâëÿþùèõ JPEG-òåõíîëîãèè. Îäíèì èç âàðèàíòîâ
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ІЇ ÿâëÿåòñÿ ñîâåðøåíñòâîâàíèå ñòðàòåãèè îáðàáîòêè áèíàðèçèðîâàííûõ òðàíñôîð-
ìàíò. Â ðàáîòå [3] ïîêàçàíî, ÷òî òàêîå ñîâåðøåíñòâîâàíèå äîïóñêàåòñÿ ïðîâîäèòü
íà áàçå ïîñòðîåíèÿ ïîçèöèîííûõ ñòðóêòóðíî-âåñîâûõ (ÏÑÂ) ÷èñåë äëÿ áèíàðíîãî
îïèñàíèÿ òðàíñôîðìàíò. Â ðàáîòå [4] îáîñíîâûâàåòñÿ ýôôåêòèâíîñòü ðàçðàáîòêè
ðåâåðñíîãî êîäèðîâàíèÿ äëÿ ðàñøèðåííîãî ÏÑÂ ÷èñëà. Â òîæå âðåìÿ âàæíûì
óñëîâèåì ïðîöåññà ñæàòèÿ ÿâëÿåòñÿ ôîðìèðîâàíèå ðàâíîìåðíûõ êîäîâ äëÿ ÏÑÂ
÷èñåë ïåðåìåííîé äëèíû. Ýòî ïîçâîëèò äîïîëíèòåëüíî ñíèçèòü áèòîâîé ñêîðîñòè
ñæàòîãî ïðåäñòàâëåíèÿ ñåãìåíòà èçîáðàæåíèÿ è ïîâûñèòü óñòîé÷èâîñòü êîäîâûõ
êîíñòðóêöèé ê îøèáêàì â êàíàëå ñâÿçè. Òàêèì îáðàçîì, öåëü èññëåäîâàíèé çà-
êëþ÷àåòñÿ â ðàçðàáîòêå ñèñòåìû ïðàâèë ôîðìèðîâàíèÿ ïîçèöèîííûõ ñòðóêòóðíî-
âåñîâûõ ÷èñåë â óñëîâèÿõ êîäîîáðàçîâàíèÿ ïî çàäàííîé äëèíå.

Ðàçðàáîòêà ïðàâèëà ïîñòðîåíèÿ ïîçèöèîííûõ ñòðóêòóðíî-âåñîâûõ
÷èñåë äëÿ êîäîîáðàçîâàíèÿ ïî çàäàííîé äëèíå

Ðàññìîòðèì âîçìîæíîñòü ðàçðàáîòàííîé òåõíîëîãèè êîäèðîâàíèÿ îòíîñè-
òåëüíî óñòðàíåíèÿ êîëè÷åñòâà êîäîâîé èçáûòî÷íîñòè R

c
, îáóñëîâëåííîå íàëè÷èåì

áîëüøîãî êîëè÷åñòâà íåçíà÷èìûõ (íóëåâûõ) ðàçðÿäîâ â êîäîâîì ñëîâå çàäàííîé
äëèíû. Ïðè ýòîì òðåáóåòñÿ îáåñïå÷èòü ðåàëèçàöèþ ïðèíöèïà êîäîîáðàçîâàíèÿ,
ñîñòîÿùåãî â ôîðìèðîâàíèè êîäîâîãî ñëîâà ñ çàðàíåå çàäàííîé äëèíîé V

ic
.

Äëÿ ñîêðàùåíèÿ êîëè÷åñòâà êîäîâîé èçáûòî÷íîñòè ïðåäëàãàåòñÿ ôîðìèðî-
âàòü ÏÑÂ ÷èñëà ïåðåìåííîé äëèíû, ò.å.  varS . Ýòî îáóñëîâëåíî äâóìÿ
ñâîéñòâàìè ïîçèöèîííîãî ñòðóêòóðíî-âåñîâîãî êîäèðîâàíèÿ, à èìåííî, òåì, ÷òî:

1) äëèíà êîäà C(S)
u
 óâåëè÷èâàåòñÿ ñ ðîñòîì êîëè÷åñòâà S ýëåìåíòîâ â

ÏÑÂ ÷èñëå. Çäåñü u èíäåêñ ÏÑÂ ÷èñëà ïåðåìåííîé äëèíû, ïîñòðîåííîãî äëÿ
ìàññèâà äëèí áèíàðíûõ ñåðèé,  U,1u . Ïðè÷åì  PU , ãäå P – êîëè÷åñòâî
ñòîëáöîâ â ìàññèâå ÄÁÑ;

2) ìàêñèìàëüíî äîïóñòèìîå çíà÷åíèå C(S)
max

 êîäà ÏÑÂ ÷èñëà äëèíîé S íå

áóäåò ïðåâûøàòü âåëè÷èíû 
 S

1s
sg  íàêîïëåííîãî ïðîèçâåäåíèÿ îñíîâàíèé g

3

ñîîòâåòñòâóþùèõ ýëåìåíòîâ  S,1s , ò.å. 
 

1)g()S()S(
S

1s
smaxu .

Ðàññìîòðèì ïåðâîå ñâîéñòâî. Äîïóñòèì, ÷òî äëèíà ÏÑÂ ÷èñëà ðàâíà  S , ãäå

 SSS ,  1S . Åñëè  1S , òî êîä  p)S(  âû÷èñëÿåòñÿ êàê

                     
 1S

1
Sp,1S

S

1s

1s

1
p,s

S

1s

1s

1
p,sp gggg)S( ,                     (1)

ãäå 
 S

1s

1s

1
p,s g  – ñîñòàâëÿþùàÿ êîäà äëÿ ïåðâûõ S ýëåìåíòîâ ÏÑÂ ÷èñëà;

 1S

1
Sp,1S gg  – ñîñòàâëÿþùàÿ êîäà äëÿ äîáàâëÿåìîãî ýëåìåíòà.

Ñ ó÷åòîì òîãî, ÷òî 
 S

1s

1s

1
p,sp g)S( , 

 1S

1
Sp,1Sp gg)1S( , ïîëó÷èì

 ppp )1S()S()S( . Îòñþäà ìîæíî çàêëþ÷èòü, ÷òî  pp )S()S( .
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ІЇÑëåäîâàòåëüíî, ðàñòåò êîëè÷åñòâî ðàçðÿäîâ íà ïðåäñòàâëåíèå ÏÑÂ êîäà, ò.å.
 ))S((V1])S(og[))S((V pp2p . Çäåñü

 
1)]g(og[))S(C(V

S

1s

S

1s
p,s2p ;   

 
1)]g(og[))S(C(V

S

1s

S

1s
p,s2p .

Ðàññìîòðèì âòîðîå ñâîéñòâî. Â ðåçóëüòàòå óâåëè÷åíèÿ äëèíû ÏÑÂ ÷èñëà

ñîîòâåòñòâåííî ïîâûøàåòñÿ è êîëè÷åñòâî êîìïîíåíò â âåêòîðå  G  îñíîâàíèé
åãî ýëåìåíòîâ. Îòñþäà ðàñøèðÿåòñÿ äèàïàçîí äîïóñòèìûõ çíà÷åíèé ÏÑÂ êîäà,
à èìåííî, åñëè äî óâåëè÷åíèÿ äëèíû ÏÑÂ ÷èñëà âåðõíÿÿ ãðàíèöà çíà÷åíèÿ êîäà

îïðåäåëÿåòñÿ êàê 
 

1)g()S(
S

1s
sp , òî ïîñëå åãî ðàñøèðåíèÿ ïîëó÷èì

 
1)gg(1)g()S(

S

1s
s1S

S

1s
sp .

Â ýòîé ôîðìóëå âåëè÷èíà  1Sg  ÿâëÿåòñÿ òåì ïðèðîñòîì â äîïóñòèìîì
äèàïàçîíå çíà÷åíèé êîäîâ, êîòîðûé îáðàçóåòñÿ â ðåçóëüòàòå óâåëè÷åíèÿ äëèíû
ÏÑÂ ÷èñëà íà îäèí ýëåìåíò.

Ñîîòâåòñòâåííî óâåëè÷èâàåòñÿ êîëè÷åñòâî ðàçðÿäîâ íà ïðåäñòàâëåíèå
ìàêñèìàëüíîãî çíà÷åíèÿ êîäà â ñëó÷àå ðàñøèðåíèÿ ÏÑÂ ÷èñëà. Äåéñòâèòåëüíî,
åñëè äî ðàñøèðåíèÿ ÏÑÂ ÷èñëà íà ïðåäñòàâëåíèå ìàêñèìàëüíîãî çíà÷åíèÿ åãî
êîäà òðåáîâàëîñü çàòðàòèòü êîëè÷åñòâî v(S)

max
 ðàçðÿäîâ ðàâíîå

 
1]gog[1)]1g(og[)S(v

S

1s
s2

S

1s
s2max ,

òî ïîñëå ðàñøèðåíèÿ íà  S  ýëåìåíòîâ òðåáóåòñÿ çàòðàòèòü  max)S(v

           
 

1]goggog[1]goggog[)S(v
S

1S
2

S

1s
s2

S

1S
2

S

1s
s2max .           (2)

Îòêóäà ìîæíî çàêëþ÷èòü, ÷òî çà ñ÷åò ðàñøèðåíèÿ ÏÑÂ ÷èñëà ìàêñèìàëüíàÿ

äëèíà åãî êîäà áóäåò óâåëè÷èâàòüñÿ íà âåëè÷èíó, ðàâíóþ 
 S

1S
2gog  áèò.

Íà îñíîâå àíàëèçà âûðàæåíèÿ (2) ìîæíî çàêëþ÷èòü, ÷òî äëÿ îïðåäåëåíèÿ
ìàêñèìàëüíîé äëèíû êîäà, êîòîðîå ìîæåò áûòü ñôîðìèðîâàíî äëÿ òåêóùåé
äëèíû ðàñøèðåííîãî ÏÑÂ ÷èñëà, íå òðåáóåòñÿ íàëè÷èå àïðèîðíîé èíôîðìàöèè
î åãî êîíå÷íîé äëèíå. Ýòî ïîçâîëÿåò îïðåäåëÿòü âåëè÷èíó  max)S(v  íà îñíîâå
èíôîðìàöèè îá îñíîâàíèÿõ ðàíåå îáðàáîòàííûõ ýëåìåíòîâ ðàñøèðåííîãî ÏÑÂ
÷èñëà.

Äàííîå ñâîéñòâî ðåâåðñíîãî ÏÑÂ êîäèðîâàíèÿ îáåñïå÷èâàåò ïîòåíöèàë
äëÿ ðåàëèçàöèè ïðèíöèïà êîäîîáðàçîâàíèÿ ïî ìàêñèìàëüíîìó çàïîëíåíèþ
êîäîâîãî ñëîâà çàäàííîé äëèíû V

ic
.
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ІЇ Ïîýòîìó óâåëè÷åíèÿ äëèíû êîäà, è ñîîòâåòñòâåííî äëèíû êîäîâîãî ñëîâà
íà åãî ïðåäñòàâëåíèå, ìîæíî äîáèòüñÿ ïóòåì ïîâûøåíèÿ äëèíû ÏÑÂ ÷èñëà.

Â óñëîâèÿõ ôîðìèðîâàíèÿ êîäîâîãî çíà÷åíèÿ äëÿ ÏÑÂ ÷èñëà ïåðåìåííîé
äëèíû íåîáõîäèìî îïðåäåëèòü äëèíó  S  ðàñøèðåííîãî ÏÑÂ ÷èñëà òàê, ÷òîáû
âûïîëíÿëîñü óñëîâèå ìèíèìèçàöèè êîëè÷åñòâà êîäîâîé èçáûòî÷íîñòè R

c
, ò.å.

 min)S(vVR maxic .

Îòñþäà âåëè÷èíà  S  îïðåäåëÿåòñÿ êàê  )})S(vVarg{min(S maxic  èëè ñ

ó÷åòîì ñîîòíîøåíèÿ (2) ïîëó÷èì 
 

)}1]gog[Varg{min(S
S

1s
s2ic .

Ïðè ýòîì äëÿ èñêëþ÷åíèÿ ïåðåïîëíåíèÿ êîäîâîãî ñëîâà âûáðàííîé äëèíû
òðåáóåòñÿ äîïîëíèòåëüíî îáåñïå÷èòü âûïîëíåíèå óñëîâèÿ  icmax V)S(v , ò.å.
äëèíà ÏÑÂ ÷èñëà äîëæíà áûòü òàêîé, ÷òîáû êîëè÷åñòâî ðàçðÿäîâ  max)S(v  íà

ïðåäñòàâëåíèå ìàêñèìàëüíî âîçìîæíîãî çíà÷åíèÿ åãî êîäà  max)S(  íå ïðåâûøàëî
çàäàííóþ äëèíó êîäîâîãî ñëîâà V

ic
. Â òîæå âðåìÿ äëÿ ñîêðàùåíèÿ âðåìåíè

îáðàáîòêè óñëîâèìñÿ ôîðìèðîâàòü ÏÑÂ ÷èñëà òîëüêî èç ñìåæíûõ ýëåìåíòîâ
ìàññèâà äëèí áèíàðíûõ ñåðèé (ò.å. èñêëþ÷àþòñÿ ðàçðûâû â ïîçèöèÿõ ýëåìåíòîâ).
Òîãäà îáîáùåííî óñëîâèå âûáîðà äëèíû ðàñøèðåííîãî ÏÑÂ ÷èñëà, ÷òîáû èñêëþ÷èòü
ïåðåïîëíåíèå êîäîâîãî ñëîâà çàäàííîé äëèíû, ïðèìåò ñëåäóþùèé âèä:

                        
 

)}1]gog[V(minarg{S
S

1s
s2ic

icVmax)S(v .                             (3)

Äëÿ îïðåäåëåíèÿ âåëè÷èíû  S  â ñîîòâåòñòâèè ñ óñëîâèåì (3) ïðåäëàãàåòñÿ
èñïîëüçîâàòü ðåêóððåíòíóþ ñõåìó.

Âûâîäû
1. Îáîñíîâàíî, ÷òî äëÿ ñîêðàùåíèÿ êîëè÷åñòâà êîäîâîé èçáûòî÷íîñòè íåîá-

õîäèìî ôîðìèðîâàòü ÏÑÂ ÷èñëà ïåðåìåííîé äëèíû.
2. Ïîñòðîåíî ïðàâèëî ôîðìèðîâàíèÿ ÏÑÂ ÷èñåë ïåðåìåííîé äëèíû íà îñ-

íîâå òîãî, ÷òî:
– äëÿ îïðåäåëåíèÿ ìàêñèìàëüíîé äëèíû êîäà, êîòîðîå ìîæåò áûòü ñôîðìè-

ðîâàíî äëÿ òåêóùåé äëèíû ðàñøèðåííîãî ÏÑÂ ÷èñëà, íå òðåáóåòñÿ íàëè÷èå
àïðèîðíîé èíôîðìàöèè î åãî êîíå÷íîé äëèíå;

– äëÿ ñîêðàùåíèÿ âðåìåíè îáðàáîòêè ôîðìèðîâàíèå ÏÑÂ ÷èñëà ïðîâîäèòñÿ
òîëüêî èç ñìåæíûõ ýëåìåíòîâ ìàññèâà äëèí áèíàðíûõ ñåðèé (ò.å. èñêëþ÷àþòñÿ
ðàçðûâû â ïîçèöèÿõ ýëåìåíòîâ).

Ýòî îáåñïå÷èâàåò ïîòåíöèàë äëÿ ðåàëèçàöèè ïðèíöèïà êîäîîáðàçîâàíèÿ ïî
ìàêñèìàëüíîìó çàïîëíåíèþ êîäîâîãî ñëîâà çàäàííîé äëèíû â óñëîâèÿõ èñêëþ÷åíèÿ
âàðèàíòîâ åãî ïåðåïîëíåíèÿ è ìèíèìèçàöèè êîëè÷åñòâà êîäîâîé èçáûòî÷íîñòè.
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